Background: Psychotropic drugs are the cornerstone of schizophrenia treatment, often requiring lifelong treatment. Data on pharmacotherapy in inpatient settings are lacking. Methods: Prescription data of schizophrenic inpatients within the time period 2000-2015 were obtained from the database of the Drug Safety Program in Psychiatry (AMSP). Data were collected at 2 index dates per year; the prescription patterns and changes over time were analyzed. Results: Among 30 908 inpatients (mean age 41.6 years, 57.8% males), the drug classes administered most often were antipsychotics (94.8%), tranquilizers (32%), antidepressants (16.5%), antiparkinsonians (16%), anticonvulsants (14.1%), hypnotics (8.1%), and lithium (2.1%). The use of second-generation antipsychotics significantly increased from 62.8% in 2000 to 88.9% in 2015 (P < .001), whereas the prescription of first-generation antipsychotics decreased from 46.6% in 2000 to 24.7% in 2015 (P < .001). The administration of long-acting injectable antipsychotics decreased from 15.2% in 2000 to 11.7% in 2015 (P = .006). Clopazine was the most often used antipsychotic, having been used for 21.3% of all patients. Polypharmacy rates (≥5 drugs) increased from 19% in 2000 to 26.5% in 2015. Psychiatric polypharmacy (≥3 psychotropic drugs) was present in 44.7% of patients.
Introduction
Although the lifetime prevalence of schizophrenia is only about 0.7 to 1% of the general population in industrialized countries (Bromet and Fennig, 1999) , it is ranked among the top 25 leading causes of disability worldwide (Global Burden of Disease Study 2013 Collaborators, 2015 . This highlights the importance of appropriate treatment of this disabling and stigmatizing chronic disease.
Since the early 1950s, the pillar of schizophrenia treatment has been the first-generation or "typical" antipsychotics such as chlorpromazine or haloperidol. The market introduction of clozapine then shaped the term "atypical," second-generation antipsychotic (SGA) due to the revelation that antipsychotic substances with a low potential for causing extrapyramidal symptoms are effective in schizophrenia treatment. Despite the remarkable chemical, pharmacological, and clinical heterogeneity, this term has since been broadly applied to further antipsychotic drugs (Möller, 2000) . For the past 20 to 25 years, SGAs have gradually substituted first-generation antipsychotics (FGAs) in daily clinical routine (Leslie and Rosenheck, 2002; Gill et al., 2005) . This transition from "typical" to "atypical" antipsychotics is mostly attributed to many psychiatrists' view and hope that SGAs are more efficacious and safer than FGAs.
More than 15 years ago, doubts arose concerning the better efficacy and higher tolerability of the SGAs. Geddes et al. (2000) conducted a systematic review and meta-regression analysis of 52 randomized controlled trials (RCTs) with a total of 12 649 patients comparing SGAs (clozapine, risperidone, olanzapine, quetiapine, amisulpride, and sertindole) with FGAs (mostly haloperidol). The authors suggested that the initial view of slightly superior efficacy and better tolerability and a lower risk of causing extrapyramidal symptoms for SGAs was too simplistic. Many of the included trials compared moderate doses of an SGA with a higher dose than the recommended dose of a potent FGA such as haloperidol. When compared with a subgroup of patients receiving 12 mg/d or less of haloperidol (or equivalent), the authors found no difference in efficacy or overall tolerability between SGAs and FGAs. Only a modest benefit in terms of causing fewer extrapyramidal symptoms for SGAs remained.
Conducted a decade ago, in 2005 and 2006, 2 pragmatic clinical trials with no sponsorship by the pharmaceutical industry compared the efficacy of SGAs and FGAs: The UK Cost Utility of the Latest Antipsychotic Drugs in Schizophrenia study (CUtLASS; Jones et al., 2006) suggested that SGAs and FGAs are equally effective in the treatment of schizophrenia, although SGAs cost more. The US Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE; Lieberman et al., 2005) was a double-blind trial in which 1493 chronic schizophrenic patients were randomized to one of the SGAs (olanzapine, quetiapine, risperidone, and ziprasidone) or the medium-potency FGA perphenazine. Even though the CATIE trial suggested that olanzapine was superior in terms of effectiveness compared with other nonclozapine SGAs, this was not considered a class effect and accompanied by more adverse drug reactions like increased weight gain and adverse metabolic events.
The Cost Utility of the Latest Antipsychotic Drugs in Schizophrenia (CUtLASS) 2 study and the phase 2E CATIE study indicated that in schizophrenic patients with poor treatment response, clozapine rather than other SGAs leads to significant improvement in symptoms McEvoy et al., 2006; Stroup et al., 2009) . A decade later, there is an ongoing discussion on patients with poor treatment response and strategies involving antipsychotic combinations.
Most recently, Galling et al. (2017) performed a systematic literature search and a random effects meta-analysis of randomized trials comparing combination with a second antipsychotic vs continued antipsychotic monotherapy in schizophrenia. The analysis of their data implies that the common practice of antipsychotic combination in schizophrenia lacks double-blind/ high-quality evidence for efficacy, except for negative symptom reduction with aripiprazole combination.
The available methodologically sound guidelines show a high degree of accordance for most recommendations regarding monotherapy, core treatment decisions, including selection criteria for the first antipsychotic (i.e., effect/side-effect profile, patients' preference, and concomitant conditions), drug dosages, maintenance treatment, definition of nonresponse or treatment resistance, and the importance of psychosocial interventions (American Psychiatric Association: Lehman et al., 2004; Schizophrenia Patient Outcomes Research Team [PORT] : Kreyenbuhl et al., 2010 ; National Institute for Clinical Excellence: NICE, 2014; Royal Australian and New Zealand
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College of Psychiatry: Galletly et al., 2016; German Society of Psychiatry, Psychotherapy and Nervous Diseases: DGPPN, 2019) . Differences include the duration of maintenance drug treatment and first-line drug choice. The older guidelines-APA and also the update to the 2005 Royal Australian and New Zealand College of Psychiatry guidelines-mostly prefer SGAs (except for clozapine), especially in first-episode patients, whereas the newer guidelines-NICE, DGPPN, and PORT-recommend antipsychotics in general (except for clozapine; and olanzapine in PORT) considering the emerging clinical data and evidence.
Even though meta-analyses and guidelines provide orientation for the treatment of schizophrenia, clinical prescription patterns often differ from the guidelines. For example, in a recent international study Bachmann et al. (2017) assessed trends in clozapine prescription from 2005 to 2014 in 17 countries worldwide and concluded that while clozapine use has increased in most studied countries over recent years, clozapine is still underutilized in many populations, with prescription rates differing by a factor of over 300 between countries.
Another international study by Hálfdánarson et al. (2017) investigated international trends in antipsychotic use in 16 countries from 2005 to 2014 and detected that SGA use increased in all study populations, but the patterns of antipsychotic use varied strikingly between countries.
When 195 individuals with schizophrenia and psychosis on the Severe Mental Illness Register in Cheshire, UK, were followed up between 2004 and 2012 (Heald et al., 2017) , an increase in psychiatric polypharmacy over the follow-up period was determined. Clozapine and long-acting injectable antipsychotics (LAIs) were often not documented in the general practitioner records.
Given the challenging controversy concerning real-world clinical practice and recommendations for pharmacotherapy of schizophrenia, it is particularly important to reflect on actual prescription patterns, including trends for recent changes over time. In this study, we, therefore, investigated pharmacotherapy of schizophrenia in a large psychiatric inpatient population between 2000 and 2015.
Methods

Data Source
The prescription data analyzed for the present study were gathered from the International Drug Safety Program in Psychiatry (Arzneimittelsicherheit in der Psychiatrie [AMSP]). AMSP is an ongoing international multicenter drug safety program collecting data on psychopharmacotherapy and severe adverse drug reactions from psychiatric hospitals in a naturalistic setting since 1993. Its methods have been described in detail elsewhere (Grohmann et al., 2004 (Grohmann et al., , 2014 . Briefly, AMSP consists of 2 principal data collections (prescription data and severe adverse drug reactions) from 116 hospitals so far in Germany, Switzerland, and Austria, and temporarily from 1 hospital each in Belgium and Hungary. The number of participating hospitals increased from 9 in 1994 to 63 in 2015. In a cross-sectional approach, all participating hospitals record drug prescriptions for all inpatients under surveillance on 2 reference days per year. All drugs administered on these days are assessed along with the patient's age, gender, and leading psychiatric diagnosis.
Furthermore, severe adverse drug reactions that are experienced at these hospitals in association with psychopharmacological treatment are continuously reported and analyzed. For the present study, only the cross-sectional AMSP dataset with prescriptions from 133 777 patients surveyed between 2000 and 2015 was used. In this time period, 116 hospitals provided data on schizophrenic inpatients.
Study Population and Design
Within the AMSP dataset all patients with a current diagnosis of schizophrenia based on ICD-10 diagnostic codes F20.0, F20.1, F20.2, F20.3, F20.4, F20.5, F20.6, F20.8, F20.9, and F20.*, that is, when a subclassification was missing, were selected. For the study population, the demographic information and prescriptions were analyzed on the day of data collection. Psychiatric medication was classified into the following subgroups: antipsychotics, antidepressants, tranquilizers (benzodiazepines), hypnotics (benzodiazepine-like drugs), lithium salts, anticonvulsants, and antiparkinsonian medication (almost exclusively biperiden). Antipsychotic drugs were further divided into FGAs, SGAs, and LAIs. FGAs were additionally classified according to their potency into high-potency and low-potency FGAs. As low-potency FGAs are mostly used for sedative effects and not for treatment of psychosis, they are dealt with in the co-medication section.
Psychiatric polypharmacy was defined as an intake of more than 2 psychotropic drugs of different classes and polypharmacy in general as intake of ≥5 drugs (Masnoon et al., 2017) . Data were obtained from an anonymized data bank. Evaluations based on the AMSP data bank have been approved by the Ethics Committee of the University of Munich and the Ethics Committee of the Hannover Medical School (Nr. 8100_BO_S_2018). This study adheres to the Declaration of Helsinki and its later amendments. The AMSP program is a continuous observational postmarketing drug surveillance program and does not interfere with the ongoing clinical treatment of patients under surveillance.
Data Analysis
The analysis was mainly descriptive. Tables and figures demonstrate the mode and development of prescription practice during the observation period. One exception to the descriptive approach was the use of linear regression to detect time trends in the development of the relative frequencies related to the base population of n = 30 908. Furthermore, 1-way ANOVA was calculated to compare dosages of the most commonly used antipsychotics over 4 aggregated time periods (2000-2003, 2004-2007, 2008-2011, and 2012-2015) . A Wilcoxon Signed-Ranks Test was conducted to compare the number of prescribed drugs in the years 2000 and 2015. To visualize the distribution of patients with polypharmacy, violin plots were created. Level of significance was set at P < .05. All statistical analyses were performed using R version 3.0.2., and graphs were created with R and Microsoft Excel.
Results
Characteristics of the Study Population
Characteristics of the study population are presented in Table 1 . A total of 30 908 patients with a leading admission diagnosis of schizophrenia based on ICD-10 codes was identified. There were more male inpatients (57.8%) under surveillance than females. The different subtypes of schizophrenia presented here are not analyzed separately in our study.
Psychiatric Medication Over Time
Over the entire observed time period from 2000 to 2015, the majority of patients took at least 1 psychotropic drug (98.5%; n = 30 449). Linear regression analysis did not show a significant change in the percentage of patients receiving psychopharmacological treatment over the observed time period ((F 1,14) = 0.03, P = .87).
The most frequently prescribed psychiatric drugs from 2000 to 2015 were antipsychotics given in 94.8% (n = 29 313) of all patients, followed by tranquilizers (32%, n = 9900). Antidepressants were used in 16.5% (n = 5111), antiparkinsonian medication in 16% (n = 4931), anticonvulsants in 14.1% (n = 4351), hypnotics in 8.1% (n = 2505), and lithium in 2.1% (n = 639).
The prescription rate of antipsychotics remained stable over time [regression analysis: (F 1,14) = 0.15, P = .71; Figure 1 ]. There was also no difference in prescription of antidepressants [(F 1,14) = 3.03, P = .10] or anticonvulsants [(F 1,14) = 0.736, P = .41].
The trend for an increase of prescription of tranquilizers from 29.3% in 2000 to 35.6% in 2015 [(F 1,14) = 3.93, P = .07] did not reach statistical significance. The administration of lithium declined slightly [b = -0.10, R 2 = 0.72, (F 1,14) = 35.65, P < .001] during the observation period from 3% in 2000 to 1.9% in 2015.
Furthermore, a significant decrease was found for the use of antiparkinsonian medication from 19.2% in 2000 to 11.4% in 2015 [b = -0.01, R 2 = 0.82, (F 1,14) = 64.92, P < .001] and hypnotics from 10.7% in 2000 to 5.6% in 2015 [b = -0.01, R 2 = 0.88, (F 1,14) = 98.5, P < .001].
Antipsychotics
Antipsychotic Groups
Over the total observation period, the most frequently prescribed subclass of antipsychotics by far were SGAs (n = 24 573, 79.5% of all patients), followed by FGAs (n = 9967, 32.2%) and LAIs (n = 4120, 13.3%).
The probability of receiving an SGA significantly increased [b = 1.13, R 2 = 0.74, (F 1,14) = 39.1, P < .001] from 62.8% in 2000 to the maximum prescription rate of 88.9% in 2015, whereas the prescription of FGAs significantly decreased from 46.6% in 2000 to 24.7% in 2015 [b = -1.14, R 2 = 0.84, (F 1,14) = 72.17, P < .001; see Figure 2 ].
From 2000 to 2015 the use of LAIs decreased over time [b = -0.18, R 2 = 0.43 (F 1,14) = 10.42, P = .006], with a prescription rate of 15.2% of all schizophrenic patients in 2000 to 11.7% in 2015. Table 2 summarizes the prescription rates of the most frequently used antipsychotics over time (usage >2% within 1 year of the investigated time period except for aripipsrazole LAI). The most commonly prescribed antipsychotics (defined as usage >10% in 2015) were clozapine (21.3%), olanzapine (20.7%), risperidone (17.7%), quetiapine (14.6%), haloperidol (13.6%), amisulpride (9.4%), and aripiprazole (8.9%). Interestingly, the prescription of clozapine, available in healthcare since 1971, remained unchanged over time [(F 1,14) = 0.43, P = .524], while the use of the SGAs risperidone, quetiapine, and aripiprazole increased markedly (see Table 2 ). With the exception of flupenthixol (5.1% of all patients) and zuclopenthixol (3% of all patients), all other high-potency FGAs decreased in their prescription rate over time.
Antipsychotic Drugs
Since the introduction of long-acting risperidone in 2002 and paliperidone palmitate in 2011, there has been a considerable shift in LAIs use: a decreasing use of haloperidol and flupenthixol decanoate was accompanied by increasing use of long-acting risperidone and paliperidone palmitate. Long-acting aripiprazole, introduced in 2014, was used in 1.2% in 2015; the use of olanzapine pamoate never exceeded 0.4% (data not shown).
Antipsychotic Dosages
The prescribed dosages of all antipsychotics with a usage >10% in 2015 are given in Table 3 . Mean dosages per day decreased significantly for all substances except olanzapine.
Polypharmacy
Polypharmacy was common with 23.7% of patients receiving ≥5 drugs. These rates increased from 19% in 2000 to 26.5% in 2015. Furthermore, excessive polypharmacy with ≥8 drugs increased from 2.5% in 2000 to 6% in 2015.
A Wilcoxon Signed-Ranks Test indicated that the number of prescribed drugs in 2015 [Md (median) = 3, M (mean) = 3.56] was significantly higher than in 2000 (Md = 3, M = 3.06) (Wilcoxon test statistic (W) = 983 120, P < .001; see Figure 3A ).
Most patients (74.6%) received more than 1 psychotropic drug. Psychiatric polypharmacy (≥3 psychotropic drugs) was present in 44.7% of patients. Furthermore, 21.4% received ≥4 psychotropic drugs with prescriptions of up to 10 psychotropic drugs per patient. As with the total number of medications, a Wilcoxon Signed-Ranks Test indicated that the number of prescribed psychotropic drugs in 2015 (Md = 2, M = 2.57) was significantly higher than in 2000 (Md = 2, M = 2.37) (W = 1 035 100, P = .01; see Figure 3B ).
Combination and Augmentation Therapy
Combination and Augmentation of Single Antipsychotics
We have classified combination and augmentation therapy as follows: the concomitant prescription of 2 antipsychotics is defined as combination therapy and the additional prescription of other psychotropic drugs as augmentation therapy.
Augmentation therapy of the most common single antipsychotic agent (all above 10% usage in 2015) with antidepressants, tranquilizers/hypnotics, anticonvulsants, and combination therapy are presented in Table 4 for the first and last years of this study, 2000 and 2015.
Most frequently the concomitant prescription of 2 antipsychotics was observed (49.0% of all patients treated with psychotropic drugs). Haloperidol was most frequently combined with another antipsychotic agent in both years; all other antipsychotics with the exception of olanzapine and risperidone were also combined in more than 70% with other antipsychotics in 2015.
In particular, haloperidol was mostly administered in combination with clozapine (24.5%) followed by quetiapine (19.7%) and olanzapine (19%). Concerning the combinations with clozapine, most frequently amisulpride (21.1%) and aripiprazole (19.8%) were included. Risperidone was preferentially combined with quetiapine (19.3%) and clozapine (17%), whereas olanzapine's combination partners were mainly aripiprazole (20.9%) and risperidone (16.6%; data not shown). Furthermore, the analysis of the most frequently chosen antipsychotic combination pairs in 2000 and 2015 showed a shift in combination strategies over time (Table 5) .
As 96.3% of all patients received an antipsychotic medication, co-prescriptions usually included antipsychotics. Therefore, when the use of other drug groups is summarized in the following, it has to be borne in mind that this almost always means their concomitant use with antipsychotics. Table 6 summarizes all co-medications with usage >2% within 1 year of the investigated time period. At least 28.3% of all schizophrenic patients and 38.3% at the maximum received tranquilizers. Notably, the usage of lorazepam increased over time with a maximum of 24.5% of patients receiving the drug in 2015.
Tranquilizers, Hypnotics, and Low-Potency FGAs
Co-medication with tranquilizers was the second most common co-prescription. Haloperidol was most often simultaneously administered with tranquilizers and aripiprazole least frequently.
Hypnotics were a comparatively rare augmentation partner for all antipsychotics in question in 2015: the use of this augmentation medication ranged only between 4% and 7% in 2015 (Table 4) .
Apart from aripiprazole, all SGAs were augmented with tranquilizers in 2015 in about one-third of patients, and this treatment strategy showed a mildly increasing tendency over time, whereas the use of tranquilizers together with clozapine increased markedly (Table 4) .
Low-potency FGAs were administered to 14.8% of patients. The percentage of patients receiving low-potency FGAs decreased over time [b = -0.34, R 2 = 0.65 (F 1,14) = 26.11, P < .001] from 21.7% in 2000 to 17.1% in 2015 (single substances are shown in Table 6 ). Remarkably, the "dirty drug" levomepromazine with prominent anticholinergic effects was significantly less prescribed over time, whereas pipamperone and prothipendyl, having no relevant pharmacokinetic drugdrug interactions, were more commonly administered lowpotency FGAs.
Antidepressants
Over the observation period from 2000 to 2015, antidepressants, in general, were administered to 13.2% to 20% of all schizophrenic patients (Figure 1 ; Table 6 ). Selective serotonin reuptake inhibitors were by far the most frequently used type of antidepressants (8.9%). In 2015 sertraline (3.5%), mirtazapine (2.4%), escitalopram (2%) and venlafaxine (1.8%) were the most commonly prescribed antidepressants (data not shown).
Antidepressants were most commonly administered as augmentation agents to clozapine (22.6% in 2015) and least frequently to olanzapine (11.7% in 2015; see Table 4 ).
Anticonvulsants
Anticonvulsants were given in 11.3% to 16.7% of all schizophrenic patients over the last 15 years (Figure 1) . The most commonly used anticonvulsant in schizophrenia by far was valproate (6.9% of patients in 2015). The second most frequently prescribed antiepileptic drug in 2015 was pregabalin (2.6%) followed by lamotrigine (1.9%), clonazepam (0.9%), and carbamazepine (0.5%, not all data shown; Table 6 ).
Augmentation with anticonvulsants was most common again for clozapine in 2015 (23.2%), whereas amisulpride and olanzapine were least often co-prescribed with anticonvulsants in 2015 (Table 4 ).
Discussion
To the best of our knowledge, the present study is the first to examine pharmacotherapy for schizophrenia in a large population of 30 908 hospitalized patients suffering from schizophrenia in German-speaking countries. The study provides a real-life picture of schizophrenia treatment with data from 116 psychiatric hospitals and their medication records over time.
One of our main findings was the expected increase of SGAs with an accompanied decrease in FGAs. Surprisingly, the use of LAIs also decreased in our cohort (13.3%), even though naturalistic studies clearly show their superiority when compared with oral nonclozapine antipsychotics for relapse prevention and risk of rehospitalization (Tiihonen et al., 2017) .
Clozapine was the most frequently prescribed antipsychotic substance for inpatients in the observation period of 15 years (21.3%). Considering that inpatients nowadays are often severely/chronically ill and/or treatment resistant, this finding cannot be generalized to all schizophrenic patients.
Nevertheless, treatment resistance is one of the most important clinical issues in schizophrenia treatment. Most guidelines define schizophrenic patients as treatment resistant if failure of at least 2 antipsychotic trials with different compounds, including at least 1 SGA, in an adequate dose during a period between 2 and 8 weeks occurs (Lehman et al., 2004; Buchanan et al., 2010; National Institute for Health and Clinical Excellence, 2014) . Approximately 20% to 30% of all patients with schizophrenia do not respond adequately to the first antipsychotic agent prescribed (Hasan et al., 2017) .
Because clozapine is the only antipsychotic agent with proven efficacy that is licensed for treatment-resistant schizophrenia, it is the gold standard for patients who have not responded to 2 antipsychotic monotherapy trials (Conley et al., 2001; Moore et al., 2007; McIlwain et al., 2011) .
Clozapine has been reported to have lower rates of readmittance to hospital compared with other antipsychotics (Taylor et al., 2009; Tiihonen et al., 2011) . Therefore, clinical guidelines from NICE and other evidence-based treatment guidelines recommend that treatment-resistant schizophrenic patients should be offered clozapine at the earliest opportunity (National Institute for Health and Clinical Excellence, 2014). However, the initiation of clozapine in routine clinical practice is often delayed (Wheeler et al., 2008) .
In our study, clozapine evolved into the antipsychotic substance with the highest rates of co-prescription with antidepressants and anticonvulsants in 2015. Furthermore, tranquilizers were given in 34.5% of clozapine-medicated patients in 2015. This finding is critical due to the additive sedative effects of clozapine and tranquilizers and the resulting high medical burden of chronically ill patients.
Combination and augmentation therapies were common in our study cohort with only one-quarter of patients receiving monotherapy with 1 psychotropic drug. The most frequently chosen treatment strategy was the combination of 2 antipsychotics in 49% of all patients though antipsychotic monotherapy is preferred by the guidelines (Lehman et al., 2004; Buchanan et al., 2010; DGPPN, 2019) . Antipsychotic combination treatment is only recommended as a last-line treatment when clozapine has not succeeded (Conley et al., 2001; Moore et al., 2007) .
Despite the recommendations, adjunctive treatment strategies are commonly used in schizophrenia (Buchanan et al., 2002) . Two different drug co-prescription approaches need to be differentiated (Falkai et al., 2005) : antipsychotic combination treatment (combination of different antipsychotics) and augmentation therapy (simultaneous application of antipsychotics with agents of another drug class, e.g., mood stabilizer).
According to the review by Stahl et al. (2004) , antipsychotic combination treatment is applied to 10% to 20% of schizophrenic outpatients, whereas even 50% of schizophrenic inpatients receive more than 2 antipsychotics. Another study reported rates of 42.5% for antipsychotic combination treatment and 70% for augmentation therapy (Pickar et al., 2008) .
The "real world" co-prescription approach in schizophrenia possibly aims at intensifying antipsychotic potency by exploiting different receptor-binding profiles and reducing adverse effects.
The most common antipsychotic combinations studied so far include olanzapine (Zink, 2005) or clozapine (Chan and Sweeting, 2007) and constitute the neurobiological approach of Table 3 shows the dosages of all antipsychotics administered in more than 10% of patients in 2015. Mean values and their SD are shown in mg. P values are derived from 1-way ANOVAs.
facilitating an additive and complementary dopamine receptor blockade by sulpiride (Shiloh et al., 1997) or amisulpride (Pani et al., 2008) . Other strategies support differential agonistic and antagonistic effects in the dopaminergic system (aripiprazole; Chang et al., 2008) or agonistic effects in the serotonergic and adrenergic system (ziprasidone; Zink et al., 2009 ). The neurobiological rationale for using the combination of FGAs with SGAs on a large scale aims at implementing additional antidopaminergic receptor occupancy but results in higher risks of serious sideeffects and is not verified by controlled clinical trials.
The analysis of our data showed that all antipsychotics were frequently combined with other antipsychotics, mostly with (other) SGAs, possibly because of an insufficient monotherapy. Keeping the AMSP methodology in mind, the underlying reasons for the common drug co-prescriptions cannot be determined on the basis of the present data. However, our observations are in line with those in the literature.
Clozapine was most frequently combined with amisulpride and aripiprazole over the whole time period as recommended by trials. An open retrospective study (Zink et al., 2004) showed that amisulpride could have beneficial effects in ameliorating positive and negative symptoms in patients with clozapine resistance. The addition of aripiprazole to clozapine vs clozapine monotherapy in a randomized, double-blind, placebo-controlled trial in patients with schizophrenia resulted in significant improvements in terms of body weight and lipid parameters (Fleischhacker et al., 2010) .
Being structurally and pharmacologically similar to clozapine, the frequently prescribed combination of olanzapine with risperidone or aripiprazole in our study has also been associated with improvements of positive and/or negative symptoms (Zink et al., 2005) . Interestingly, the second most often observed combination in 2015 was quetiapine with aripiprazole, possibly following a similar approach.
Haloperidol was mostly prescribed in combination with clozapine, quetiapine, and olanzapine. Since 2002, the rates of haloperidol use as a single substance remained fairly constant; it still represents a mainstay in the management of emergencies such as severe acute psychosis or agitation. Its low affinity for D2 receptors is the pharmacological rationale for the combination of clozapine with FGAs like haloperidol. The addition of haloperidol to schiozophrenic patients with an ongoing clozapine treatment has significantly elevated D2 receptor occupancy from 55% to 79%, and this change has been associated with significant prolactin elevation (Kapur et al., 2001) . Additionally, the possible anti-aggression properties due to the relative inhibition of the dopamine D4 receptor relative to D2, one of the prominent features of clozapine, is lost by the concomitant significant blockade of D2 when combined with haloperidol (El-Mallakh et al., 2013) .
Overall, antipsychotic combination treatment vs monotherapy remains a controversial approach. Antipsychotic co-treatment is barely evidence-based regarding superior efficacy (Freudenreich and Goff, 2002; Stahl, 2002) and is associated with concerns about long-term safety due to the risk of cumulative side-effects (Correll et al., 2007) or pharmacokinetic interactions, mortality (Waddington et al., 1998; Joukamaa et al., 2006) , and results in an additional increase of expenses (Stahl, 2002) .
Concerning possible advantages of an antipsychotic combination treatment, the outcomes of a meta-analysis by Correll et al. (2009) suggested that antipsychotic combination treatment may be superior to standard (non-clozapine) monotherapy in nonresponsive patients. While the overall results may be supportive for antipsychotic combinations, the positive findings were mainly based on studies conducted in China and the study database was too heterogeneous so the generalizability of these findings is questionable. Furthermore, a more recent meta-analysis by Correll et al. (2017) compared the efficacy of antipsychotic drugs co-prescribed with other antipsychotic or nonantipsychotic medications vs placebo or monotherapy among adults with schizophrenia. None of the 42 pharmacological co-treatment strategies showed superiority over monotherapy.
With the introduction of SGAs, the rate of antipsychotic combination treatment has increased (Ganguly et al., 2004) . This striking trend may be attributed to the unique pharmacodynamic profile of each individual SGA and their lower affinity for dopamine receptors compared with FGAs. In our sample, the increase in SGA prescription was also accompanied by Abbreviations: AC, anticonvulsants; AD, antidepressants; AP, antipsychotics; HYP = hypnotics; TR, tranquilizers. Table 4 shows the combination and augmentation therapies in 2000 compared with 2015 in percent of patients for all antipsychotics administered in more than 10% of patients in 2015. Table 5 shows the most frequent antipsychotic combination pairs in 2000 compared with 2015 in percent of patients. Combinations of more than 2 antipsychotics were counted accordingly for all possible combinations of 2 drugs. In grey shade, the combination pairs which were present in 2000 and 2015 are highlighted.
higher rates of polypharmacy and decreasing rates in dosages of most SGAs. Further findings of our study concern the co-prescriptions of other psychopharmaceuticals. During our total observation period, the second most commonly prescribed psychiatric drugs were tranquilizers, given to 32% of all patients. A significant increase in the prescription-especially for lorazepam-was detected. Due to our study design, we were not able to distinguish between substances used for acute treatment or maintenance purposes, thus possibly reflecting different treatment approaches. We also only recorded primary diagnosis and cannot exclude prescription for comorbidities.
The guidelines for the treatment of schizophrenia recommend benzodiazepines, alone or as augmentation agents to antipsychotics, for acute agitation in schizophrenic patients (Lehman et al., 2004; Kreyenbuhl et al., 2010; DGPPN, 2019) . While rates of additional benzodiazepine medication are likely to vary worldwide, a study from Taiwan showed that nearly 80% of schizophrenia patients were prescribed benzodiazepines over the course of 1 year (Wu et al., 2011) .
A recent systematic review has not verified the efficacy of the augmentative use of benzodiazepines to antipsychotics in the treatment of schizophrenic patients (Sim et al., 2015) . Additionally, a current meta-analysis of 16 RCTs (Dold et al., 2013) confirmed this finding. Correspondingly, benzodiazepines were repeatedly recommended for ultra short-term sedation of acutely agitated patients but not for augmentation of antipsychotics in the medium-and long-term pharmacotherapy of schizophrenia and related disorders.
Co-treatment with benzodiazepines in patients with schizophrenia has been associated with a marked increase in the mortality hazard ratio, both for suicidal and nonsuicidal deaths. Of particular interest is that a similar increase in the mortality hazard ratio has not been observed in schizophrenic patients treated with 2 or more concomitant antipsychotics or with an antidepressant-antipsychotic co-prescription (Tiihonen et al., 2012) . However, antipsychotic combination and augmentation treatment is associated with an increased risk of adverse drug reactions such as grand mal seizures (Druschky et al., 2018) .
Antidepressants added to antipsychotics for the treatment of schizophrenia are rather routinely prescribed in clinical practice (Zink et al., 2010) , although the evidence regarding their efficacy is still limited and inconsistent (Hinkelmann et al., 2013) . Terevnikov et al. (2015) therefore conducted a meta-analysis including 36 RCTs assessing the efficacy of add-on antidepressants for the treatment of negative, positive, cognitive, depressive, and antipsychotic-induced extrapyramidal symptoms in schizophrenia. Mirtazapine and mianserin were associated with a rather consistent efficacy for negative symptoms, and both appeared to enhance neurocognition. Trazodone and nefazodone seemed to improve the antipsychotic-induced extrapyramidal symptoms. Imipramine and duloxetine tended to alleviate depressive symptoms. No clear evidence supported the efficacy of selective serotonin reuptake inhibitors on any clinical domain of schizophrenia.
Another meta-analysis (Sepehry et al., 2007) including 11 studies also showed no global support for an improvement in negative symptoms after selective serotonin reuptake inhibitor augmentation but demonstrated a moderate effect in chronically ill schizophrenia patients.
On the other hand, a recent comparative effectiveness study (Stroup et al., 2019) using US national Medicaid data found a reduced risk of psychiatric hospitalization and emergency department visits in schizophrenic outpatients with adjunctive antidepressant prescriptions.
The analysis of antidepressant-antipsychotic co-prescriptions in the present study demonstrated that not mirtazapine but selective serotonin reuptake inhibitors were the most commonly prescribed antidepressants (8.9%). In addition, the frequency of antidepressant augmentation therapy remained fairly constant over time.
Next to augmentation treatments with benzodiazepines and antidepressants, anticonvulsants were administered in 14% of patients. The efficacy of anticonvulsants for schizophrenia treatment has a low level of evidence (DGPPN, 2019) . Prescriptions could possibly be explained by diagnostic ambiguities between affective and psychotic disorders or interpreted as an attempt that is not evidence based to control aggressive behavior. Of note, 23% of clozapine-treated patients received anticonvulsants and especially valproate in 2015, which is another critical finding for this group of severely affected and pharmacoresistant patients (Wang et al., 2016) .
Several limitations of the presented study need to be addressed when interpreting the results. First, the data source used is limited by its retrospective design with cross-sectional data. Therefore, the study was not designed to follow-up on the course and changes of different therapies over time in individual patients. Correspondingly, medication changes including cross-tapering strategies may have influenced co-medication therapy results and possibly resulted in an overestimation of polypharmacy. Considering the large sample size, this bias may be reduced in comparison with many other pharmacoepidemiological studies for schizophrenia. Second, the results presented here only refer to rather severely ill and/ or treatment-resistant inpatients from hospitals in Germanspeaking countries. Hence, the derived data cannot be generalized for international treatment practices or outpatient settings for schizophrenic patients. Third, only data on the primary diagnosis were assessed, and the prescription of psychopharmacological substances for comorbidities may have influenced the pharmacological treatment.
In conclusion, this observational study presents an update on pharmacotherapy of schizophrenia regarding daily clinical practice in German-speaking countries. Most inpatients are treated with combination and augmentation therapies often associated with low levels of evidence and high rates of offlabel use, though a diagnosis-and guideline-oriented pharmacotherapy of schizophrenia strongly emphasizes antipsychotic monotherapy. Therefore, there is a necessity for more detailed recommendations and guidance in clinical practice guidelines. Real-world evidence on efficacy and safety of combination and augmentation therapies in the heterogenic group of schizophrenia patients could be obtained by large pragmatic trials focussing on distinct drug constellations. Furthermore, high-quality, prospective patient registries that include a structural assessment of long-term outcomes and intensified adverse event monitoring systems are of paramount importance to evaluate common practice.
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